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(54) Piezoelectric device and method to manufacture a piezoelectric device 



(57) A piezoelectric device is formed of a supporting 
substrate (12) with first (14) and second (16) conductive 
traces on a first surface (12a). A piezoelectric material 
layer (18) is laminated to the supporting substrate (12) 
with a first surface (1 8a) of the piezoelectric material lay- 
er (18) electrically connected to the second conductive 



trace (1 6) and a second surface (1 8b) of the piezoelec- 
tric material layer (18) electrically conducted to the first 
conductive trace (14). A protective coating (26) is ap- 
plied over the piezoelectric material layer (1 8) so that at 
least a portion of the first (14) and second (16) conduc- 
tive traces are exposed. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to piezoelectric 
devices and, more particularly, to a piezoelectric device 
which is well suited for interconnecting with other com- 
ponents and which is well insulated. 
[0002] The present invention also relates to a manu- 
facturing method of such a piezoelectric device. 

BACKGROUND OF THE INVENTION 

[0003] Piezoelectric materials are materials capable 
of converting electrical energy into mechanical energy 
and vice versa. Such materials can be used as sensors 
(mechanical input, electrical output), as actuators (elec- 
trical input, mechanical output) or as vibration control 
devices (active where power is supplied to the system 
and passive where the energy generated is dissipated 
by an electrical component). 

[0004] The piezoelectric material may be in plate form 
(piezoceramic such as PZT 5A or PZT 5H), in fiber form, 
or as a single crystal. The molecular structure of the pi- 
ezoelectric material is in crystal form, with the piezoe- 
lectric effect occurring along the center axis of the crys- 
tal. 

[0005] Poling is the operation performed to align all 
the piezoelectric crystals in one direction. The direction 
of alignment is typically referred as the poling direction 
in which one side of the material has a negative charge, 
and the opposite side has a positive charge. The maxi- 
mum efficiency of energy conversion occurs along the 
poling direction. This is important to know so that there 
is a direct correlation between the voltage applied and 
the direction of the motion caused by the piezoelectric 
material. Piezoelectric materials are typically driven in 
a u d31 w direction (through the thickness) or in a l, d33 M 
direction (along the surface of the material). Piezoelec- 
tric materials are typically driven at high voltages (+/- 
200V or +/- 400V). The voltages can be hazardous if 
contacted by an individual during operation. Packaging 
and electrical insulation is critical for further utilization 
of such devices in areas where human contact may be 
possible. 

SUMMARY OF THE INVENTION 

[0006] The present invention comprises a novel way 
to package and manufacture a piezoelectric device. The 
key features of the packaging method include the en- 
capsulation of the conductive piezoelectric material and 
the ease of electrical connectivity of the device to an 
external electrical component. 

[0007] The present manufacturing process employs a 
lamination process and a coating process. 
[0008] The lamination process is used to adhere one 
side of the piezoelectric device to a flexible substrate 



having conductive traces disposed thereon and the 
coating process is used on the second, opposing side 
of the piezoelectric device to encapsulate and protect 
the device. 

5 [0009] More specifically, the piezoelectric material, in 
fiber, powder or plate composition, is first bonded to the 
substrate having the conductive traces via the lamina- 
tion process. The bonded device is then coated on the 
exposed side by insulating material that is applied by a 

10 spray-paint or powder coating operation. When multiple 
layers of piezoelectric material are used, copper-clad 
flexible conductive material is used in a middle layer (be- 
tween the two pieces of piezoceramic material) and both 
external sides of the device are coated. 

15 [0010] The advantages of the present invention over 
prior art piezoelectric packaging techniques is the ability 
to obtain very good energy transfer through the thin cop- 
per-clad conductive material, and to provide very good 
insulation and impact resistance to the outside environ- 

20 ment through the coating process. Additionally, the 
manufacturing process used is straight forward and al- 
lows for high volume and low cost manufacture of pie- 
zoelectric devices. The use of flex circuitry material 
makes the electrical connections to the piezoelectric de- 

25 vices very reliable and easy to use. 

[001 1] Briefly stated, the present invention, in one em- 
bodiment, is a piezoelectric device comprising a sup- 
porting substrate having a first conductive trace on a first 
surface and a second conductive trace on the first sur- 

30 face and spaced from the first conductive trace. A pie- 
zoelectric material layer has first and second surfaces, 
the first surface of the piezoelectric material layer being 
secured to the first surface of the supporting substrate 
and electrically connected to the first conductive trace. 

35 The second surface of the piezoelectric material layer 
is electrically connected to the second conductive trace. 
A protective coating extends over at least the second 
surface of the piezoelectric material layer so that at least 
a portion of the first and second conductive traces are 

40 exposed. 

[0012] The invention further comprises a method of 
making a piezoelectric device comprising the steps of: 
providing a supporting substrate having a first conduc- 
tive trace on a first surface and a second conductive 

45 trace on the first surface and spaced apart from the first 
conductive trace; securing a first surface of a piezoelec- 
tric material layer to the first surface of the supporting 
substrate so that the first surface of the piezoelectric ma- 
terial layer is electrically connected to the first conduc- 

50 tive trace; electrically connecting a second surface of 
the piezoelectric material layer to the second conductive 
trace; and applying a protective coating over at least the 
second surface of the piezoelectric material layer so that 
at least a portion of the first and second conductive trac- 

55 es are exposed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The foregoing summary, as well as the follow- 
ing detail description of preferred embodiments of the 
invention will be better understood when read in con- 
junction with the appended drawings. 
[0014] For the purpose of illustrating the invention, 
there are shown in the drawings embodiments which are 
presently preferred. It should be understood, however, 
that the invention is not limited to the precise arrange- 
ments and instrumentality shown. 
[0015] In the drawings: 

fig. 1 is an exploded perspective diagram of a pie- 
zoelectric device in accordance with a first preferred 
embodiment of the present invention; 
fig. 2 is a perspective view of the piezoelectric de- 
vice of fig. 1 in an assembled condition; 
fig. 3 is a perspective view of the piezoelectric de- 
vice shown in fig. 2 with the addition of a bonding 
substrate; and 

fig. 4 is an exploded perspective diagram of an al- 
ternate embodiment of a dual piezoelectric device 
in accordance with the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0016] Piezoelectric materials, especially piezocer- 
amics, are quite fragile. The electrical connection to 
such materials is typically done by soldering directly to 
the electroded ceramic. This method, which requires 
hand labor, is costly, and is not very reliable because 
the soldering process may cause the ceramic to crack 
and break. A prior art lamination process requires sev- 
eral layers of materials and its packaging adds to the 
weight of the piezoelectric device and limits its perform- 
ance due to the extra layers and increased rigidity in the 
packaging. The present invention uses a combination 
of flex circuitry and lamination processes, along with 
coatings and spray painting processes to achieve a re- 
liable and effective package for a piezoceramic compo- 
nent. 

[0017] Referring to the drawings in which the same 
reference numerals are used to indicate the same com- 
ponent throughout the several figures, fig. 1 is an ex- 
ploded diagrammatic view of the components that make 
up a piezoelectric device 10 in accordance with a pre- 
ferred embodiment of the present invention. 
[0018] The piezoelectric device 10 is comprised of a 
supporting substrate 12, a piezoelectric material layer 
1 8 and a protective coating 26. The supporting substrate 
12 is preferably formed of a flexible insulative material 
such as polyester, polyamide or other suitable insulating 
materials. In the present embodiment, the supporting 
substrate 1 2 is formed of a material known as Kapton™. 
However, it will appreciated by those of ordinary skill in 
the art that any other suitable flexible insulating material 
may alternatively be employed for forming the support- 



ing substrate 12. The supporting substrate 12 includes 
a first surface 12a and a second surface 12b. 
[0019] A first conductive trace 14 is disposed on the 
first surface 12a of the supporting substrate 12. As 

5 shown in fig. 1 , the first conductive trace 1 4 is generally 
rectangularly shaped. A second conductive trace 16 is 
also disposed on the first surface 12a of the supporting 
substrate 12. As shown in fig. 1 , the second conductive 
trace 16 includes a generally square area 16a and a 

10 generally rectangular area 16b. The rectangular area 
1 6b of the second conductive trace 1 6 extends generally 
parallel to and is spaced apart from the first conductive 
trace 1 4. As will become apparent hereinafter, the distal 
ends of the conductive traces 14,16 are used for making 

15 an electrical connection between the piezoelectric de- 
vice 10 and other electrical components (not shown). 
[0020] In the present embodiment, both the first and 
second conductive traces 1 4, 1 6 are formed of copper. 
However, as will be apparent to those skilled in the art, 

20 either or both of the conductive traces 14, 16 could be 
formed of any other suitable metallic or other electrically 
conductive material. For example, a conductive epoxy 
paste or film may be used to form either or both of the 
conductive traces 1 4, 1 6. Further, the conductive traces 

25 14, 16 may be etched from a copper-clad material, or a 
bonding process may be employed for securing the con- 
ductive traces 1 4, 1 6 to the supporting substrate 1 2. Fur- 
ther, the actual size and shape of the first and second 
conductive traces 14, 16, may vary from that shown in 

30 fjg. 1 if desired. 

[0021] As shown in fig. 1, the piezoelectric material 
layer 1 8 is comprised of a first or lower surface 1 8a and 
a second or upper surface 18b. As is understood by 
those of ordinary skill in the art, both surfaces 18a and 

35 1 8b must be electrically connected to another electrical 
component for operation of the piezoelectric device 10. 
In the present embodiment, the first surface 18a of the 
piezoelectric material layer 1 8 is electrically connected 
to the rectangular area 16b of the second conductive 

40 trace 1 6 and the second surface 1 8b of the piezoelectric 
material layer 1 8 is electrically connected to the first con- 
ductive trace 14. 

[0022] In the present embodiment, mechanical and 
electrical connection between the first surface 1 8a of the 

45 piezoelectric material layer 18 and the first surface 12a 
of the supporting substrate 12 is made using a conduc- 
tive bonding film 20 as shown in fig. 1. 
[0023] In the present embodiment, the conductive 
bonding film 20 is an epoxy film such as a B-stage or C- 

50 stage epoxy film that can be cured at temperatures be- 
low 350° Fahrenheit. Temperatures above 350° Fahr- 
enheit may cause damage to the polarization field of the 
piezoelectric material layer 1 8, diminishing the effective- 
ness of the electro-mechanical coupling. Preferably, the 

55 piezoelectric material layer 1 8 is secured to the support- 
ing substrate 12 utilizing a lamination process in which 
pressure is applied to the second surface 1 8b of the pi- 
ezoelectric material layer 1 8 and to the second surface 
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12b of the supporting substrate 12 so that the conduc- 
tive bonding film 20 flows and creates a good bond be- 
tween the piezoelectric material layer 18, the square ar- 
ea 16a of the second conductive trace 16 and the first 
surface 1 2a of the supporting substrate 1 2. The amount 
of pressure applied depends upon the thickness of the 
piezoelectric material layer 18. The thinner the piezoe- 
lectric material layer 18, the lighter the pressure that is 
applied. By controlling the amount of pressure applied, 
breakage of the fragile piezoceramic material used to 
form the piezoelectric material layer 18 can be mini- 
mized. Typical pressures which are used are in the 
range of about 5 PSI to about 1000 PSI. 
[0024] It will be appreciated by those skilled in the art 
that by using a conductive bonding film 20, a good elec- 
trical connection is made between the first surface 18a 
of the piezoelectric material layer 18 and the square ar- 
ea 16a of the second conductive trace 16. It will be ap- 
preciated by those of ordinary skill in the art that other 
materials or techniques may be employed for laminating 
or otherwise securing the piezoelectric material layer 18 
to the supporting substrate 1 2 and to make the requisite 
electrical connection between the first surface 1 8a of the 
piezoelectric material layer 1 8 and the second conduc- 
tive trace 16. 

[0025] Once the piezoelectric material layer 18 has 
been securely bonded to the supporting substrate 12, 
at least the edge of the piezoelectric material layer 18 
facing the first conductive trace 14 and the rectangular 
area 1 6b of the second conductive trace 1 6 is covered 
with insulation 22. In the present embodiment the insu- 
lation 22 is a coating such as Eccobond® or some other 
insulating epoxy material. Other insulating materials 
may be used. The insulation 22 prevents the second 
surface 18b of the piezoelectric material layer 18 from 
contacting the second conductive trace 1 6 and prevents 
the first surface 18a of the piezoelectric material layer 
from contacting the first conductive trace 14 to avoid a 
short circuit condition. 

[0026] As shown in fig. 1 , a conductive strip 24 is used 
for making an electrical connection between the second 
surface 18b of the piezoelectric material layer 18 and 
the first conductive trace 14. The conductive strip 24 
may be formed of a strip of conductive paint, a strip of 
a coated conductive epoxy or any other suitable con- 
ductive material. The conductive paint or conductive 
epoxy may be hand brushed or screened in placed de- 
pending upon the need for accuracy and manufacturing 
quality requirements. Typically the conductive strip 24 
is applied at room temperature. 

[0027] Once the piezoelectric material layer 18 has 
been secured to the supporting substrate 12 with both 
surfaces 18a and 18b electrically connected to the re- 
spective conductive traces 14, 16 a protective coating 
26 is applied over at least the second surface 1 8b of the 
piezoelectric material layer 18. 

[0028] The protective coating 26 may be applied by 
spray painting with an electrically insulating paint or us- 



ing a powder coating process or in any other manner 
known to those of ordinary skill in the art. A powder coat- 
ing process provides for better control over the insulat- 
ing properties of the material. For example, a powder 

5 coating of approximately 0.002 inch can provide as 
much as 2000 V insulation resistance. 
[0029] The power coating may be selected to accom- 
modate different environmental conditions of concern. 
For example, if the piezoelectric device 10 is to be used 

10 in a high moisture environment, a highly moisture resist- 
ant coating may be employed. Polyester-based coat- 
ings allow for a flexible and protective construction. A 
packaging of this type not only provides the durability 
and connectivity that is lacking in unpackaged piezoe- 

15 lectric devices but also does not significantly diminish 
the actuation performance due to the flexibility of the 
packaging. Tests performed demonstrate a very mini- 
mal degradation in actuation performance utilizing such 
a protective coating 26. 

20 [0030] If a spray painting operation is used for apply- 
ing the protective coating 26, multiple coats may be re- 
quired to achieve the desired electrical insulation resist- 
ance. Typical spray paints that may be employed in- 
clude Krylon 1302 which has a dielectric strength of 

25 1,350 Volts per mil. or a Sprayon SB-6-665 red epoxy 
insulating enamel which has a dielectric strength of 
1,100 Volts per mil. 

[0031] If impact resistance of the piezoelectric device 
10 is of concern, the protective coating 26 may include 

30 multiple layers of different coating materials that may in- 
clude rubber based tapes or epoxies or the like. Such 
materials will produce a thicker coating but will also pro- 
vide added protection if the piezoelectric device is ex- 
posed to impact and/or harsh environmental agents. It 

35 will be appreciated by those of ordinary skill in the art 
that the protective coating 26 could be formed of other 
materials and could be applied in some other manner. 
[0032] As best shown in fig. 2 the protective coating 
26 while covering the piezoelectric material layer 18 

40 does not extend over the entire surface of the supporting 
substrate 12. Instead, at least the distal portions of each 
of the conductive traces 14, 16 remain exposed so that 
they can be used as connection points for the piezoe- 
. lectric device 1 0. An electrical connector (not shown) 

45 may be connected directly to the distal ends of the con- 
ductive traces 14, 16 or, conductive leads (not shown) 
may be soldered to the conductive traces 14, 16. 
[0033] Once the piezoelectric electric device 10 has 
been completed it may be bonded to a structure individ- 

50 ually or used in pairs as actuators. 

[0034] In the embodiment shown in fig. 3, the piezo- 
electric device 1 0 includes a bonding substrate 28 which 
is applied to the second surface 12b of the supporting 
substrate 12. The bonding substrate 28 could comprise 

55 double sided tape, a heat activated epoxy or any other 
suitable connecting material known to those or ordinary 
skill in the art. The bonding substrate 28 may be secured 
to the piezoelectric device 1 0 as part of the manufactur- 
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ing process or could be added at a later time, for exam- 
ple, when the piezoelectric device 10 is about to be ap- 
plied to some other supporting structure for use. 
[0035] Piezoelectric devices of the type disclosed are 
often used as an actuator to open or close a valve or in 
ways that does not require attachment to an existing 
structure. In such applications, there are typically at 
least two layers of piezoelectric materials that comprise 
the overall actuated device which is typically referred to 
as a "bender". 

[0036] Fig. 4 illustrates a bender formed in accord- 
ance with the present invention. The bender is essen- 
tially the same as the single layer piezoelectric device 
10 described above but with the addition of a second 
piezoelectric device applied to the second surface 12b 
of the supporting substrate 1 2 effectively as a mirror im- 
age. For the sake of clarity, the various components of 
the second piezoelectric device have been given the 
same reference numerals as with the piezoelectric elec- 
tric device 10 but with the addition of a 1 before each 
reference numeral. For example, the second piezoelec- 
tric material layer has been given reference numeral 1 1 8 
and the third and fourth conductive traces have been 
given reference numerals 114 and 116 respectively. 
Connections may be made through a hole or other con- 
nection scheme known to those of ordinary skill in the 
art. 

[0037] From the foregoing it can be seen that the 
present invention comprises a package for a piezoelec- 
tric device and a method of making the package. It will 
be appreciated by those skilled in the art that changes 
could be made to the embodiments described above 
without departing from the broad inventive concepts 
thereof. It is understood, therefore, that the invention is 
not limited to the particular embodiments disclosed, but 
is intended to cover all modifications within the spirit and 
scope of the invention as defined by the appended 
claims. 



Claims 

1 . A piezoelectric device comprising: 

a supporting substrate (12); 
a first conductive trace (14) on a first surface 
(12a) of the supporting substrate; 
a second conductive trace (16) on the first sur- 
face ( 1 2a) of said supporting substrate ( 1 2) and 
spaced from said first conductive trace (14); 
a piezoelectric material layer (18) having first 
(18a) and 

second (18b) surfaces, said first surface (18a) 
of the piezoelectric material layer ( 1 8) being se- 
cured to the first surface (12a) of said support- 
ing substrate (12) and 

electrically connected to said second conduc- 
tive trace (16), the second surface (18b) of said 



piezoelectric material layer (18) being electri- 
cally connected to said first conductive trace 
(14); and 

a protective coating (26) extending over at least 
5 the second surface (18b) of said piezoelectric 

material layer (18) so that at least a portion of 
said first (14) and second (16) conductive trac- 
es are exposed. 

10 2. The piezoelectric device as in claim 1 , wherein said 
supporting substrate (12) is formed of a flexible in- 
sulating material. 

3. The piezoelectric device as in claim 2, wherein said 
15 flexible insulating material is a polyester material. 

4. The piezoelectric device as in claim 2, wherein said 
flexible insulating material is a polyamide material. 

20 5. The piezoelectric device as in claim 1 , wherein said 
first (14) and second (16) conductive traces are 
formed of one of a metallic conductive material and 
a conductive epoxy material. 

25 6. The piezoelectric device as in claim 1 , wherein the 
first surface (1 8a) of said piezoelectric material lay- 
er (18) is secured to said supporting substrate (12) 
by a conductive bonding film (20). 

30 7. The piezoelectric device as in claim 1 , wherein said 
conductive bonding film (20) is an epoxy film. 

8. The piezoelectric device as in claim 1 , wherein the 
second surface (18b) of said piezoelectric material 

35 layer (1 8) is connected to said first conductive trace 
(14) by a conductive strip (24). 

9. The piezoelectric device as in claim 8, wherein said 
conductive strip (24) consists of one of a conductive 

to paint and a coated conductive epoxy. 

10. The piezoelectric device as in claim 1 , wherein said 
protective coating (26) is comprised of a spray 
painted layer. 

45 

1 1 . The piezoelectric device as in claim 1 , wherein said 
protective coating (26) is comprised of a powder 
coating. 

50 12. The piezoelectric device as in claim 1 , further com- 
prising a bonding substrate (28) secured to a sec- 
ond surface (12b) of said supporting substrate (12). 

13. The piezoelectric device as recited in claim 12, 
55 wherein said bonding substrate (28) consists of one 

of double sided tape and a heat activated epoxy. 

14. The piezoelectric device as in claim 1 further includ- 
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a third conductive trace (114) on a second sur- 
face (12b) of said supporting substrate (12); 
a fourth conductive trace (116) on the second 5 
surface of said supporting substrate (12) and 
spaced from said third conductive trace (114); 
a second piezoelectric material layer (118) hav- 
ing first (1 1 8a) and second (1 1 8b) surfaces, the 
first surface (11 8a) of said second piezoelectric 10 
material layer (118) being secured to the sec- 
ond surface (1 1 8b) of said supporting substrate 
(12) and electrically connected to said fourth 
conductive trace (116), the second surface 
(118b) of said second piezoelectric material is 
layer (118) being electrically connected to said 
third conductive trace (114); and 
a protective coating (126) extending over at 
least the second surface (11 8b) of said second 
piezoelectric electric material layer (118) so 20 
that at least a portion of the third (114) and 
fourth (116) conductive traces are exposed. 

15. A method to manufacture a piezoelectric device 
comprising the steps of: 25 

providing a supporting substrate (12) having a 
first conductive trace (14) on a first surface 
(12a) and a second conductive trace (16) on 
said first surface (12a) and spaced from said 30 
first conductive trace (14); 
securing a first surface (18a) of a piezoelectric 
material layer (18) to the first surface (12a) of 
said supporting substrate (12) so that the first 
surface (1 8a) of said piezoelectric material lay- 35 
er (18) is electrically connected to said second 
conductive trace (16); 

electrically connecting a second surface (18b) 
of said piezoelectric material layer (18) to said 
first conductive trace (14); and *o 
applying a protective coating (26) over at least 
the second surface (18b) of said piezoelectric 
material layer (18) so that at least a portion of 
the first (14) and second (16) conductive traces 
are exposed. 4 $ 
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(54) Piezoelectric device and method to manufacture a piezoelectric device 



(57) A piezoelectric device is formed of a supporting 
substrate (1 2) with first (14) and second (16) conductive 
traces on a first surface (12a). A piezoelectric material 
layer (18) is laminated to the supporting substrate (12) 
with a first surface (1 8a) of the piezoelectric material lay- 
er (1 8) electrically connected to the second conductive 



trace (1 6) and a second surface (1 8b) of the piezoelec- 
tric material layer (1 8) electrically conducted to the first 
conductive trace (14). A protective coating (26) is ap- 
plied over the piezoelectric material layer (18) so that at 
least a portion of the first (14) and second (16) conduc- 
tive traces are exposed. 
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The Search Division considers that the present European patent application does not comply with the 
requirements of unity of invention and relates to several inventions or groups of inventions, namely: 

1. claims: 1-9,14,15 

Piezoelectric device comprising a supporting substrate with 
first and second conductive traces on a first surface 
thereof, a piezoelectric material layer, the first surface 
of the piezoelectric material layer being secured to the 
first surface of the supporting substrate and electrically 
connected to the second conductive trace, the second surface 
of the piezoelectric material layer being electrically 
connected to the first conductive trace, and a protective 
coating extending over at least the second surface of the 
piezoelectric material layer so that at least a portion of 
the first and second conductive traces are exposed; 
corresponding manufacturing method 

1.1. claim: 9 

Connection of the second surface of the piezoelectric 
material layer to the first conductive trace by a conductive 
strip consisting of conductive paint or coated conductive 
epoxy 

1.2. claim: 14 

Third and fourth conductive traces on a second surface of 
the supporting substrate, a second piezoelectric material 
layer, the first surface of the second piezoelectric 
material layer being secured to the second surface of the 
supporting substrate and electrically connected to the 
fourth conductive trace, the second surface of the second 
piezoelectric material layer being electrically connected to 
the third conductive trace, and a protective coating 
extending over at least the second surface of the second 
piezoelectric material layer so that at least a portion of 
the third and fourth conductive traces are exposed 



2. claims: 10,11 

Protective coating comprising a spray painted layer or a 
powder coating 



3. claims: 12,13 

Bonding substrate secured to a second surface of the 
supporting substrate 



Please note that all Inventions mentioned under item 1, although not 
necessarily linked by a common inventive concept, could be searched 
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